The production of alkaline protease by an Aspergillus flavus strain isolated in our laboratory by solid-substrate fermentation for use as a depilation agent and the influence of various factors on enzyme production are reported. The optimum conditions for maximum production were a growth temperature of 32°C, 63% substrate moisture, and a growth period of 48 h. Enrichment with corn steep liquor or Casitone increased productivity. Scaling-up experiments indicated that flask-scale results could be reproduced at 1 and 30 kg of substrate. The enzyme preparation exhibited maximum activity at both pH 7.5 and pH 9.5. The use of this enzyme as a depilation agent was confirmed by experiments in a tannery.
Tanners throughout the world are being increasingly affected by pollution and discharge control legislation. The pressures have been such that some tanneries have been forced to close down (3) .
The most commonly practiced method for the depilation of hides and skins is the lime-sulfide process, which is now clearly recognized to be environmentally objectionable, accounting for 100% of the sulfide and over 80% of the suspended solids of tannery effluents (11) . Sulfide is highly toxic and has an obnoxious odor. When sulfide is released into sewers, the accumulation of sulfide gases in the pipes causes corrosion and poisonous gases may also be released in the lower parts of the sewers.
Enzymatic depilation has been widely accepted as a sound alternative to the chemical process (12) . However, the principal limiting factor for the large-scale rapid commercialization of enzymatic depilation has been the high cost of production of enzymes. Enzymes commercially available now are not economically comparable to the chemical process. Hence, any substantial reduction in the cost of production of enzymes will be a positive stimulus for the commercialization of enzymatic depilation.
Solid-substrate fermentation (SSF) was chosen for the present research because it has been reported that SSF with fungal strains results in much greater productivity than does submerged fermentation (4, 6) . Economically, this type of fermentation possesses many advantages, including superior volumetric productivity, use of simpler machinery, use of an inexpensive substrate, simpler downstream processing, and lower energy requirements (2, 8) . In addition, there is low wastewater output; consequently, there are fewer problems with waste treatment than are experienced with submerged fermentation (1) .
The aim of this research was to devise a simple SSF process with a new Aspergillus flavus strain isolated in our laboratory and identified for its capacity to grow rapidly on a solid support and elaborate large quantities of extracellular proteases. Taking into account the economic profile of SSF, we report the production of alkaline protease by this A. 
MATERIALS AND METHODS
Organism. The organism used in the present study is a new A. flavus strain, IMI 327634, isolated in our laboratory. The culture was routinely maintained in potato dextrose agar slants. Before each experiment, the organism was transferred to fresh slants and incubated at 28°C for 7 days. The spore suspension for inoculation was prepared by adding 10 ml of sterile distilled water to each slant and vigorously shaking the slant for 1 min.
Fermentation conditions. Commercial wheat bran (10 g) was thoroughly mixed with 15 ml of a salt solution containing, per liter, NaNO3 (2 g), KH2PO4 (1 g), MgSO4-7H20 (0.5 g), KCl (0.5 g), FeSO4 7H20 (trace), and ZnSO4. 7H20 (trace), adjusted to pH 7.0 in 250-ml Erlenmeyer flasks, and sterilized at 15 lb/in2 for 20 min. After cooling, the flasks were inoculated with 0.5 ml of the spore suspension. The contents were mixed thoroughly, incubated at 32°C for 2 days, and assayed for enzyme activity.
Optimization studies. Growth periods ranging from 12 to 168 h, growth temperatures ranging from 25 to 37°C, ages of the inoculum ranging from 2 to 10 days, different grades of wheat bran, different types of bran, different moisture levels (35 to 80%), effects of substrate cooking times (10 to 60 min), and effects of the addition of various carbohydrates and organic nitrogen sources were evaluated in relation to enzyme yields.
Enrichment of wheat bran with different carbohydrate sources was studied at the level of 2 g of carbohydrate per 10 g of wheat bran. The water-insoluble carbohydrates were thoroughly mixed with the wheat bran before moistening, and the water-soluble ones were dissolved in the salt solution and used for moistening the wheat bran. The heatsensitive sugars (sucrose, lactose, and maltose) were separately sterilized and added to the sterile wheat bran medium before inoculation. Enrichment with different organic nitrogen sources was studied at the level of 1 g of organic nitrogen source per 10 g of wheat bran with a methodology similar to the one used for carbohydrates.
The experiments were conducted in triplicate, and the results are the averages of these three independent trials. Extraction of the enzyme. At the end of the fermentation period, the entire quantity of moldy bran was homogenized with 200 ml of distilled water and filtered. The filtrate was used as the enzyme source.
For use as a depilation agent, the entire quantity of moldy bran at the end of the growth period was dried at 45°C in a hot-air-blowing oven and powdered.
Assay of enzyme activity. The activity of the enzyme was measured in terms of its action on casein. To 1 ml of casein solution (2.5%) were added 1.9 ml of glycine-sodium hydroxide buffer (0.1 M, pH 9.5) and 0.1 ml of enzyme, and the mixture was incubated at 42°C for 30 min. At the end of the incubation period, the reaction was arrested by the addition of 2 an SSF system. Preliminary studies on growth and enzyme production at 25, 28, and 32'C indicated that although luxuriant growth occurred at all of these temperatures, productivity was low at 25°C and higher at 28 and 32°C.
A detailed correlation among the effects of moisture content, growth period, and growth temperature on enzyme production is shown in Fig. 1A gelatin reduced enzyme synthesis considerably, and casein, soybean meal, and albumin had no effect.
Since casitone and corn steep liquor resulted in an increase in enzyme production, the effect of their concentrations was optimized ( Table 2 ). In the case of corn steep liquor, the addition of 1 or 2 g resulted in enhanced enzyme synthesis, while higher concentrations repressed enzyme synthesis (Table 2 ). In the case of Casitone, only 1 g resulted in increased enzyme synthesis, while higher concentrations reduced enzyme synthesis considerably ( Table 2) .
Effect of the addition of carbohydrates. The influence of the addition of various carbohydrates (2 g/10 g of wheat bran) is shown in Table 3 . All sugars tested, except for lactose, severely repressed enzyme synthesis.
Effect of the nature of the substrate. The effect of different types of bran (wheat bran, rice bran, and bran from different pulses) on enzyme production was studied. Of all the brans tested, only wheat bran could elaborate enzyme activity. All of the other brans supported luxuriant growth but no enzyme activity. Coarse and fine wheat brans of mesh sizes 0.3 to 0.4 cm and 0.05 to 0.1 cm, respectively, were evaluated for their effect on enzyme yields. Enzyme activity was 80% in the presence of the fine variety when the yield in the coarse variety was considered 100%.
Other factors, such as age of the inoculum and sterilization time, were also evaluated. A 5-to 7-day-old culture showed maximum enzyme production. Extended sterilization (45 min at 15 lb/in2) resulted in maximum enzyme production.
Scaling-up studies. Increasing the size of the substrate from 10 g in a 250-ml flask to 500 g in trays indicated that flask-scale results could be reproduced. Further scaling up to 30 kg in a Koji room resulted in a higher yield (about 30% over the flask-scale yield) in a shorter span of time (35 h). Figure 2 shows the pH profile of the enzyme, with maxima at pH 7.5 and pH 9.25 . pH stability studies showed that the enzyme was unstable as the alkalinity increased.
Results of trials carried out in the experimental tannery to evaluate the use of this enzyme as a depilation agent indicated that enzyme treatment did not have any detrimental effect on the final leathers obtained. Table 4 shows the physical evaluation data for the finished leathers from both groups. The tensile strength, stitch tear strength, and tongue tear strength were better in the experimental set. Bursting strength and elongation at the break point were also better in the experimental set. Microscopic evaluation of the depilated pelts also indicated that fiber structures were well opened up and that there were no visible fat glands in the experimental pelts.
DISCUSSION
It is known that the water content of a medium has a profound influence on the growth of and production of products by microorganisms. In an SSF the water content of liquor, and Casitone can also serve as specific inducers, er the maximum thereby exerting a cumulative positive influence on enzyme ,aline shift of the production. Proteins having a negative influence on enzyme ded (Fig. 3) . Our production may inhibit enzyme synthesis because of feed- (Fig. 2) indicated back inhibition.
le as the pH inThe coarser variety of bran appeared to be a better ting to the loss of substrate, probably because it does not form a compact mass depletion of the and permits better air circulation, heat dissipation, and penetration by mycelia. Also, it is a better prospect economically since it is cheaper than the finer variety of bran. Extended sterilization allows this coarse wheat bran to be used in a form such that the nutrients present in it are easily available to the organism. The repression of enzyme synthesis by most of the sugars tested is attributed to the catabolite repression effect, in which the presence of easily assimilable carbon sources restricts enzyme synthesis. It is well recognized that the moisture content of the substrate plays a crucial role in SSF systems. The initial moisture content varies during fermentation because of evaporation, metabolic activity, and generation of metabolic heat and becomes particularly important when SSF is carried out on a large scale. This loss is compensated for by the maintenance of high humidity (90 to 95%) in the chamber in which the fermentation is carried out. Scaling-up experiments in a Koji room in which the humidity was maintained at 90 to 95% resulted in a higher productivity than that achieved in flask-and tray-scale experiments carried out in the laboratory.
SSF is akin to the natural habitat of fungi. Studies have revealed that productivity is sometimes better under such conditions than under submerged fermentation conditions (14) . , , 
